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(57)  Components having different heights are in-
stalled in a multilayer substrate using a metal core layer
formed by bonding a plurality of metal layers. The metal
core layer includes through-holes and a spot-faced por-
tion. Passive components and an active component are
disposed in the through-holes and the spot-faced por-

Multilayer substrate including components therein

tion, respectively. These components are connected to
conductive patterns formed on wiring layers, with con-
necting vias therebetween.
Contact faces of each component with the connecting
vias are controlled so as to be disposed at the same
level with the metal layers.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a multilayer
substrate including components therein, and in particu-
lar, to a multilayer substrate including components
therein that is useful for installing components having
different dimensions in the substrate.

2. Description of the Related Art

[0002] In order to achieve a high density mounting of
electronic components, a multilayer substrate including
components therein has been produced. In such a mul-
tilayer substrate including components therein, the com-
ponents are embedded inside of the wiring substrate.
For example, PCT Publication No. WO 03/103355 dis-
closes a structure of such a multilayer substrate includ-
ing components therein. As shown in Fig. 5 in this patent
document, a component is installed in a through-hole
formed in a core member composed of a metal. Accord-
ing to this structure, a multilayer substrate that is excel-
lent in the protection of the component and in the heat
dissipation effect can be provided.

[0003] In addition, in order to adjust the height of the
components to be installed, the above patent document
discloses a structure including a height-adjusting mem-
ber 30 shown in Fig. 3. According to this structure in
which the height of the component to be installed is ad-
justed, even when components having different dimen-
sions are installed, contact positions of these compo-
nents can be adjusted. Therefore, this structure can be
preferably used when contact holes for connecting in a
face-up manner are formed using a laser.

[0004] However, in the method using such a height-
adjusting member, in addition to the step of disposing
desired components to be installed, a step of disposing
the height-adjusting member is required. Accordingly,
an improvement is desired.

SUMMARY OF THE INVENTION

[0005] Accordingly, the present invention provides a
multilayer substrate including components therein that
is useful for installing components having different di-
mensions in the substrate.

[0006] Inorderto achieve the above object, according
to a first aspect of the present invention, in a multilayer
substrate including components therein, the compo-
nents are disposed in accommodating portion provided
in a metal core and both top and rear faces of the metal
core and the accommodating portion are sealed with an
insulating layer. In the multilayer substrate according to
the first aspect of the present invention, the metal core
includes a plurality of metal layers.
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[0007] Herein, the accommodating portion include a
through-hole penetrating the top and rear faces of the
metal core and a spot-faced portion that is opened in
either the top face or the rear face of the metal core. The
accommodating portion are formed so as to have
shapes according to the dimension of the components
to be installed therein. The accommodating portion can
be formed by etching the metal core.

[0008] The components disposed in the accommo-
dating portion include active components such as a tran-
sistor and an integrated circuit; and passive compo-
nents such as a capacitor, an inductor, and a filter. These
components can be appropriately selected. These com-
ponents are disposed in the accommodating portion
provided in the metal core and are sealed with the insu-
lating layer from both top and rear faces of the metal
core.

[0009] The metal core protects the components,
which are installed in the accommodating portion when
sealing with the insulating layer. Furthermore, the metal
core has a preferable function to dissipating heat of a
component that generates heat and can also function
as a shield of an active component. In addition, the metal
core can be used as a conductive pattern, a power sup-
ply line, or a ground (GND) line. The metal core is pref-
erably composed of copper considering the workability
by etching, the mechanical rigidity, the heat dissipation
effect, and the conductivity.

[0010] According to the present invention, since the
metal core is composed of a plurality of metal layers, the
etching of the metal core can be performed stepwise.
Therefore, the accommodating portion can be formed
according to the height of the components. Unlike the
known structure including the height-adjusting member
disclosed in the above-cited patent document, the
height of the accommodating portion can be adjusted
by etching the metal layers according to the structure of
the present invention,. Consequently, the production
process can be simplified. Furthermore, the metal core
can be etched stepwise in the present invention. There-
fore, even when the etching aspect ratio is low, the metal
core can be etched with a higher aspect ratio compared
with a metal core composed of a single metal layer.
[0011] The plurality of metal layers is preferably bond-
ed each other by a resin layer therebetween. According
to this structure, the resin layer can function as a pro-
tector while the metal layers are etched. Therefore, the
plurality of metal layers being bonded together can be
etched stepwise. The resin layer is preferably com-
posed of a material that has etching resistance to the
etchant used for etching the metal layers. More prefer-
ably, the resin layer is composed of a material having a
high adhesiveness for the metal layers.

[0012] The plurality of metal layers forming the metal
core preferably has the same thickness. Such a struc-
ture can decrease the warping of the metal core. When
three metal layers are bonded together, a metal layer
disposed at the center of the metal core may have a
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thickness larger than that of other two metal layers,
which have the same thickness.

[0013] According to a second aspect of the present
invention, in a multilayer substrate including compo-
nents therein, the components are disposed in accom-
modating portion provided in a metal core, both top and
rear faces of the metal core and the accommodating
portion are sealed with an insulating layer, and the com-
ponents are connected to a conductive pattern provided
on the insulating layer with connecting vias provided in
the insulating layer. In the multilayer substrate according
to the second aspect of the present invention, the metal
core includes a first metal layer and a second metal lay-
er, the accommodating portion include a first accommo-
dating portion formed by removing the first metal layer
and a second accommodating portion formed by remov-
ing the first metal layer and the second metal layer, and
the components include a first component disposed in
the first accommodating portion and a second compo-
nent disposed in the second accommodating portion.
[0014] The conductive pattern provided on the insu-
lating layer may be provided on both top and rear faces
of the metal core. Alternatively, the conductive pattern
may be provided on either the top face or the rear face
of the metal core. The installed components are prefer-
ably connected to the conductive pattern in a face-up
manner. The connecting structure with the face-up man-
ner is also described in the above-cited patent docu-
ment. This specification includes the content described
in the patent document as a reference description of the
present invention.

[0015] The first accommodating portion has a struc-
ture suitable for receiving a component having a small
height. The first accommodating portion can receive a
component having a height corresponding to the thick-
ness of a single metal layer. When the metal core is
formed by bonding a plurality of metal layers with at least
one resin layer therebetween, the resin layer may also
be removed to form the first accommodating portion.
[0016] The second accommodating portion has a
structure suitable for receiving a component having a
large height. The second accommodating portion can
receive a component having a height corresponding to
the thickness of a plurality of metal layers. When the
metal core is composed of at least three metal layers,
the first and the second accommodating portion may be
formed as follows. For example, the first accommodat-
ing portion may be formed by removing two metal layers
and the second accommodating portion may be formed
by removing three metal layers. Thus, the number of
sheets to be removed in the second accommodating
portion is larger than that in the first accommodating por-
tion. The present invention also includes such an em-
bodiment.

[0017] Contact faces of the first component and the
second component with the connecting vias are prefer-
ably disposed at the same level. This structure allows
the connecting vias to have a certain length. As a result,
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contacts for the connecting vias can be formed in the
insulating layer with a constant laser output.

[0018] According to a third aspect of the present in-
vention, in a multilayer substrate including components
therein, the components are disposed in accommodat-
ing portion provided in a metal core, both top and rear
faces of the metal core and the accommodating portion
are sealed with an insulating layer, and the components
are connected to a conductive pattern provided on the
insulating layer with connecting vias provided in the in-
sulating layer. In the multilayer substrate according to
the third aspect of the present invention, the metal core
includes a first metal layer and a second metal layer, the
accommodating portion include a first accommodating
portion formed by removing the first metal layer and a
second accommodating portion formed by removing the
first metal layer and the second metal layer, the compo-
nents include a first component disposed in the first ac-
commodating portion and a second component dis-
posed in the second accommodating portion, and the
connecting vias include a via for heat dissipation con-
nected to the second metal layer.

[0019] Whenthe second metal layeris used as afoun-
dation, the second metal layer can be utilized as a con-
ductor for dissipating heat. Thus, when a component
that significantly generates heat is disposed in the first
accommodating portion, the generated heat can be
preferably dissipated. Accordingly, the first component
is preferably an active component and the second com-
ponent is preferably a passive component. In order to
fix the first component with the second metal layer, the
first component is preferably bonded with an adhesive
having a high thermal conductivity or bonded with a thin
adhesive layer.

[0020] According to a fourth aspect of the present in-
vention, in a multilayer substrate including components
therein, the components are disposed in accommodat-
ing portion provided in a metal core, both top and rear
faces of the metal core and the accommodating portion
are sealed with an insulating layer, and the components
are connected to a conductive pattern provided on the
insulating layer with connecting vias provided in the in-
sulating layer. In the multilayer substrate according to
the fourth aspect of the present invention, the metal core
includes a first metal layer and a second metal layer
bonded with a resin layer therebetween, the accommo-
dating portion include a first accommodating portion
formed by removing the first metal layer and the resin
layer and a second accommodating portion formed by
removing the first metal layer, the second metal layer,
and the resin layer, and the components include a first
component disposed in the first accommodating portion
and a second component disposed in the second ac-
commodating portion.

[0021] Thus, the accommodating portion are formed
by removing the bonding resin layer. This structure can
bring the component disposed in the first accommodat-
ing portion closer to the second metal layer. Accordingly,
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the stability of mounting and the heat dissipation effect
of the component can be improved.

[0022] According to a fifth aspect of the presentinven-
tion, in a multilayer substrate including components
therein, the components are disposed in accommodat-
ing portion provided in a metal core, both top and rear
faces of the metal core and the accommodating portion
are sealed with an insulating layer, and the components
are connected to a conductive pattern provided on the
insulating layer with connecting vias provided in the in-
sulating layer. In the multilayer substrate according to
the fifth aspect of the present invention, the metal core
includes a first metal layer and a second metal layer
bonded with a resin layer therebetween, the accommo-
dating portion include a first accommodating portion
formed by removing the first metal layer and a second
accommodating portion formed by removing the first
metal layer, the second metal layer, and the resin layer,
and the components include a first component disposed
in the first accommodating portion and a second com-
ponent disposed in the second accommodating portion.
[0023] Thus, the accommodating portion including
the bonding resin layer is formed. In such a case, the
component can be fixed using the resin layer. Conse-
quently, the component can be arranged more accurate-
ly, and in addition, the arrangement process of the com-
ponent can be simplified.

[0024] According to a sixth aspect of the present in-
vention, in a multilayer substrate including components
therein, the components are disposed in accommodat-
ing portion provided in a metal core and both top and
rear faces of the metal core and the accommodating
portion are sealed with an insulating layer. In the multi-
layer substrate according to the sixth aspect of the
present invention, the metal core includes a first metal
layer and a second metal layer bonded with a resin layer
therebetween, and a through-hole conductor piercing
the metal core is provided in an area formed by remov-
ing the resin layer, the first metal layer, and the second
metal layer.

[0025] Thus, the through-hole conductor piercing the
metal core is provided. As a result, the conductive pat-
terns provided on both top and rear faces of the metal
core can be electrically connected to each other, thereby
improving the design flexibility of wiring. In addition, the
first metal layer and the second metal layer may be con-
nected to each other using this through-hole conductor
so as to provide a GND layer including these metal lay-
ers.

[0026] The through-hole conductor may be provided
with the insulating layer for sealing therebetween. In
such a case, the through-hole conductor can be formed
as follows. A through-hole formed in the metal core is
sealed with the insulating layer. A through-hole is
formed by piercing this insulating layer by a laser or drill-
ing. A conductor layer is then formed on the side wall of
the through-hole to form the through-hole conductor. Al-
ternatively, the through-hole conductor may be formed
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by providing a conductor layer on the side wall of the
metal core exposed by etching.

[0027] According to a seventh aspect of the present
invention, in a multilayer substrate including compo-
nents therein, the components are disposed in accom-
modating portion provided in a metal core and both top
and rear faces of the metal core and the accommodating
portion are sealed with an insulating layer. In the multi-
layer substrate according to the seventh aspect of the
present invention, the metal core includes a first metal
layer and a second metal layer bonded with a resin layer
therebetween, and a plurality of through-hole conduc-
tors piercing the metal core is provided in a single area
formed by removing the resin layer, the first metal layer,
and the second metal layer, with the insulating layer
therebetween.

[0028] Thus, a plurality of through-hole conductors is
formed in a single area provided in the metal core. In
such a case, the through-hole conductors can be dis-
posed at a high density, compared with the case where
each through-hole conductor is provided in a separate
area. In the plurality of through-hole conductors dis-
posed in the single area, the center distance between
the adjacent through-hole conductors is preferably less
than three times of the thickness of one of the metal lay-
ers. In view of the etching aspect ratio of the metal lay-
ers, when the through-hole conductors are disposed
with a small interval, it is desirable that a plurality of
through-hole conductors is disposed in a single area. As
described above, the restriction of the etching aspect
ratio can be relieved using a metal core formed by bond-
ing a plurality of metal layers. In addition, this structure
is useful for disposing the through-hole conductors at a
higher density.

[0029] According to an eighth aspect of the present
invention, in a multilayer substrate including a compo-
nent therein, the component is disposed in an accom-
modating portion provided in a metal core and both top
and rear faces of the metal core and the accommodating
portion are sealed with an insulating layer. In the multi-
layer substrate according to the eighth aspect of the
present invention, the metal core includes a first metal
layer and a second metal layer bonded with a resin layer
therebetween, the accommodating portion is formed by
removing the resin layer, the first metal layer, and the
second metal layer, and a through-hole conductor pierc-
ing the metal core is provided in the accommodating
portion including the component, with the insulating lay-
er therebetween.

[0030] As described, by providing the through-hole
conductor in the area where the component is disposed,
a higher density mounting can be performed. The
number of through-hole conductors provided in the ac-
commodating portion with the component may be two
or more.

[0031] According to a ninth aspect of the present in-
vention, in a multilayer substrate including components
therein, the components are disposed in accommodat-
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ing portion provided in a metal core and both top and
rear faces of the metal core and the accommodating
portion are sealed with an insulating layer. In the multi-
layer substrate according to the ninth aspect of the
present invention, the metal core includes a first metal
layer and a second metal layer bonded with a resin layer
therebetween and at least a part of each metal layer is
shared as a GND layer.

[0032] Thus, the first metal layer and the second met-
al layer that are separated by the bonded structure are
shared as the GND layer. In such a case, a GND struc-
ture having a higher stability can be provided. In order
to share this GND layer, the first metal layer and the sec-
ond metal layer are preferably connected to each other
with a through-hole conductor piercing the top and the
rear faces of the metal core.

[0033] The through-hole conductor may be formed in
a through-hole provided in the metal core, with an insu-
lating layer therebetween. Alternatively, the through-
hole conductor may be formed by performing a process,
such as plating, for providing a conductive layer in the
side wall of a through-hole provided in the metal core.
Furthermore, instead of such a through-hole conductor,
electrical conductivity may be provided to the resin layer
bonding the metal layers in order to connect to the metal
layers each other. It is sufficient that these connecting
processes are performed in at least the area that is
shared as the GND layer.

[0034] As described above, according to the present
invention, even when components having different
heights are installed in a multilayer substrate, the height
of accommodating portion of the components can be ad-
justed with a simple method. Accordingly, the present
invention can provide a multilayer substrate that is suit-
able for installing various components therein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Fig. 1 is a cross-sectional view showing the
structure of a multilayer substrate according to a first
embodiment of the present invention.

[0036] Fig. 2 is a cross-sectional view showing the
structure of a multilayer substrate according to a second
embodiment of the present invention.

[0037] Fig. 3 is a cross-sectional view showing the
structure of a multilayer substrate according to a third
embodiment of the present invention.

[0038] Fig. 4 is a cross-sectional view showing the
structure of a multilayer substrate according to a fourth
embodiment of the present invention.

[0039] Fig. 5is a plan view showing the arrangement
of through-hole conductors 54-1 and 54-2 shown in Fig.
4.

[0040] Fig. 6 is a plan view showing the arrangement
of through-hole conductors 54-5 and 54-6 shown in Fig.
4.

[0041] Fig. 7 is a plan view showing a modification of
the arrangement of the through-hole conductors 54-5
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and 54-6 shown in Fig. 6.

[0042] Figs. 8Ato 8C are cross-sectional views show-
ing first steps of producing a multilayer substrate ac-
cording to the present invention.

[0043] Figs. 9A and 9B are cross-sectional views
showing second steps of producing the multilayer sub-
strate according to the present invention.

[0044] Figs. 10A and 10B are cross-sectional views
showing third steps of producing the multilayer sub-
strate according to the present invention.

[0045] Figs. 11A and 11B are cross-sectional views
showing fourth steps of producing the multilayer sub-
strate according to the present invention.

[0046] Figs. 12A and 12B are cross-sectional views
showing examples using a metal core layer as a GND.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0047] Multilayer substrates according to the present
invention will now be described in detail with reference
to the attached drawings. The present invention is not
limited to the following embodiments and can be appro-
priately modified.

[0048] Fig. 1 is a cross-sectional view showing the
structure of a multilayer substrate according to a first
embodiment of the present invention. As shown in Fig.
1, a multilayer substrate 10 according to the present em-
bodiment includes a metal core layer having metal lay-
ers 30-1 and 30-2 and a bonding resin layer 32. The
metal layers 30-1 and 30-2 composed of a copper plate
are bonded with the bonding resin layer 32 disposed
therebetween. Wiring layers 34-1 and 34-2 are disposed
on the top face and the rear face of the metal core layer,
respectively. The wiring layers 34-1 and 34-2 include
conductive patterns 50 provided on an insulating mem-
ber 36.

[0049] The metal core layer includes through-holes
40-1, 40-2, 40-3, and 40-4 and a spot-faced portion 42.
The inside of the through-hole 40-1 is filled with the in-
sulating member 36. Passive components 20-1 and
20-2 are disposed in the through-holes 40-2 and 40-3,
respectively. A through-hole conductor 54 piercing the
top face and the rear face of the metal core is disposed
in the through-hole 40-4 so that the wiring layer 34-1 is
electrically connected to the wiring layer 34-2. An active
component 22 is disposed in the spot-faced portion 42.
The inside of the through-hole conductor 54 may be
filled with an insulating member (not shown).

[0050] The through-hole 40-1 serves as a cutting area
when cut with a dicer. In other words, the through-hole
40-1is used when each circuit module is separated from
a wiring substrate produced as a multiple substrate in-
cluding a plurality of the circuit modules. Another
through-hole (not shown) for cutting with a dicer is pro-
vided at the right of the through-hole 40-4 in the same
way.

[0051] In the above structure, the passive compo-
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nents 20-1 and 20-2 disposed in the metal core are fixed
on the insulating member 36 forming the wiring layer
34-2, with an insulative adhesive 24-1 therebetween.
The active component 22 is fixed on the metal layer 30-2
with an adhesive 24-2 such as silver (Ag) paste there-
between, the adhesive 24-2 having a heat dissipation
effect and electrical conductivity. The insulating member
36 is filled with spaces formed between these compo-
nents and the metal core layer. In addition, when a
ground electrode is provided on the rear face of the ac-
tive component 22, the active component 22 can be con-
nected to the metal core serving as a ground layer, with
the adhesive 24-2 therebetween.

[0052] The passive components 20-1 and 20-2 and
the active component 22 disposed inside of the metal
core layer are connected to the conductive patterns 50
with connecting vias 52 provided inside of the insulating
member 36. As shown in Fig. 1, each of the components
is disposed so that the contact faces with the connecting
vias 52 are disposed at the same level. This arrange-
ment can be provided by the following structure.
[0053] The passive components 20-1 and 20-2 hav-
ing a large height are disposed in the through-holes 40-2
and 40-3, respectively, formed by removing the metal
layers 30-1 and 30-2 and the bonding resin layer 32.
The active component 22 having a small height is dis-
posed in the spot-faced portion 42 formed by removing
the metal layer 30-1 and the bonding resin layer 32. Ac-
cordingly, the difference in the heights between the pas-
sive components and the active component is compen-
sated by the presence or the absence of the metal layer
30-2. As a result, the contact faces of each of the com-
ponents with the connecting vias 52 are disposed at the
same level.

[0054] The metal layer 30-2 is connected to the con-
ductive pattern 50 provided on the wiring layer 34-2, with
the connecting vias 52 therebetween. This metal layer
30-2 serves as a ground (GND) layer or a heat-dissipat-
ing layer.

[0055] Thus, the metal core layer is formed by lami-
nating a plurality of metal layers 30-1 and 30-2. As a
result, even when each component has a different
height, the contact faces with the connecting vias can
be controlled so as to be disposed at the same level.
Furthermore, the metal layer 30-2 adjacent to the com-
ponent having a small height can be used as a heat-
dissipating conductor. Accordingly, this structure is par-
ticularly effective in the case where an active component
having a height smaller than that of a passive compo-
nent is used.

[0056] Fig. 2 is a cross-sectional view showing the
structure of a multilayer substrate according to a second
embodiment of the present invention. The embodiment
shown in Fig. 2 is an example including a metal core
layer composed of three metal layers. Other structures
are the same as those in the above first embodiment.
Therefore, the characteristic parts in the present em-
bodiment are mainly described in the following descrip-
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tion and the description and reference numerals in the
figure in the same parts as those in the first embodiment
are omitted.

[0057] In the second embodiment, three metal layers
30-1, 30-2, and 30-3 are bonded with bonding resin lay-
ers 32-1 and 32-2 therebetween to form the metal core
layer. The metal core layer includes spot-faced portions
42-1, 42-2, and 42-3. The spot-faced portion 42-1 is
formed by removing the metal layers 30-1 and 30-2 and
the bonding resin layers 32-1 and 32-2. The spot-faced
portion 42-2 is formed by removing the metal layers 30-1
and 30-2 and the bonding resin layer 32-1. The spot-
faced portion 42-3 is formed by removing the metal layer
30-1 and the bonding resin layer 32-1.

[0058] Three components 20-1, 20-2, and 22 are dis-
posed in the spot-faced portions 42-1, 42-2, and 42-3,
respectively. The contact faces of each component with
the connecting vias are controlled so as to be disposed
at the same level.

[0059] As described above, the use of three metal lay-
ers can increase the variation of the height of the com-
ponent. The present embodiment can also be applied
to the structure in which a component is installed in a
through-hole formed by removing all the metal layers.
[0060] Fig. 3 is a cross-sectional view showing the
structure of a multilayer substrate according to a third
embodiment of the present invention. According to an
example of the embodiment shown in Fig. 3, a compo-
nent and a through-hole conductor are disposed in the
same through-hole, and a greater importance is given
to the connection from the metal core layer to the con-
ductive pattern provided on the rear face. Other struc-
tures are the same as those in the above first embodi-
ment. Therefore, the characteristic parts in the present
embodiment are mainly described in the following de-
scription and the description and reference numerals in
the figure in the same parts as those in the first embod-
iment are omitted.

[0061] In the third embodiment, a through-hole con-
ductor 54-1 and a passive component 20 are disposed
in a through-hole 40-2 formed in the metal core layer.
The passive component 20 is connected to the conduc-
tive pattern on the top face, with a connecting via 52-1
therebetween. The passive component 20 is also con-
nected to the conductive pattern on the rear face, with
a connecting via 52-2 therebetween.

[0062] In the same way, another connecting via 52-1
is provided at a place where the metal core layer is con-
nected to the conductive pattern on the top face. Also,
another connecting via 52-2 is provided at a place where
the metal core layer is connected to the conductive pat-
tern on the rear face. In addition, an active component
22 disposed in the spot-faced portion 42 and a through-
hole conductor 54-2 disposed in the through-hole 40-3
are appropriately provided.

[0063] As described above, the component and the
through-hole conductor are disposed in the same
through-hole. This structure can achieve a higher den-
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sity mounting. Furthermore, the design flexibility of wir-
ing can be improved by utilizing the pattern on the rear
face effectively.

[0064] Fig. 4 is a cross-sectional view showing the
structure of a multilayer substrate according to a fourth
embodiment of the present invention. The embodiment
shown in Fig. 4 is an example showing a variation of the
arrangement of through-hole conductors piercing the
metal core layer. Other structures are the same as those
in the above first embodiment. Therefore, the charac-
teristic parts in the present embodiment are mainly de-
scribed in the following description and the description
and reference numerals in the figure in the same parts
as those in the first embodiment are omitted.

[0065] The multilayer substrate according to the
fourth embodiment has the following structure. A
through-hole conductor 54-1 is disposed in a through-
hole 40-1. A through-hole conductor 54-2 is disposed in
a through-hole 40-2. A passive component 20 and
through-hole conductors 54-3 and 54-4 are disposed in
a through-hole 40-3. Through-hole conductors 54-5 and
54-6 are disposed in a through-hole 40-4.

[0066] Herein, the through-hole conductors 54-1 and
54-2 are disposed such that the center distance be-
tween the through-hole conductors is at least 3, i.e.,
three times of t, wherein t represents the thickness of
one of the metal layer. When the center distance be-
tween the through-hole conductors is at least 3t, the
metal layers can be etched while the metal core layer
remains between the through-hole conductors. Accord-
ingly, each through-hole conductor is disposed in a sep-
arate through-hole. This structure is effective in the pre-
vention of interference of signal lines.

[0067] In addition, the through-hole conductors 54-3
and 54-4, and the through-hole conductors 54-5 and
54-6 are disposed such that the center distance be-
tween the through-hole conductors is less than 3t, re-
spectively. When the center distance between the
through-hole conductors is less than 3t, it is difficult to
etch the metal layers while the metal core layer remains
between the through-hole conductors. Accordingly, a
plurality of through-hole conductors is disposed in the
same through-hole at an interval of less than 3t to im-
prove the mounting density. In such a case, as shown
in Fig. 4, the through-hole conductors 54-3 and 54-4 are
disposed in the same through-hole 40-3 as in the com-
ponent 20, thereby further improving the mounting den-
sity.

[0068] Fig. 5 is a plan view showing the arrangement
of through-hole conductors 54-1 and 54-2 shown in Fig.
4. As shown in Fig. 5, these through-hole conductors
54-1 and 54-2 are concentrically disposed in the centers
of the through-holes 40-1 and 40-2 piercing the metal
layers 30, respectively. The distance between each
center of the through-hole conductors 54-1 and 54-2
and each wall surface of the through-holes 40-1 and
40-2 is at least the thickness t of one of the metal layer.
Aninsulating member 36 fills the space between the wall
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surface of the through-hole conductor 54-1 and the wall
surface of the through-hole 40-1, and the space be-
tween the wall surface of the through-hole conductor
54-2 and the wall surface of the through-hole 40-2. Also,
the distance between the wall surface of the through-
hole 40-1 and that of the through-hole 40-2 is at least
the thickness t of one of the metal layer.

[0069] Fig. 6 is a plan view showing the arrangement
of through-hole conductors 54-5 and 54-6 shown in Fig.
4. As shown in Fig. 6, these through-hole conductors
54-5 and 54-6 are disposed inside of the through-hole
40-4 piercing the metal layers 30 such that the center
distance between the through-hole conductors 54-5 and
54-6 is less than 3t. The distance between each center
of the through-hole conductors 54-5 and 54-6 and the
wall surface of the through-hole 40-4 is at least the thick-
ness t of one of the metal layer. The insulating member
36 fills the space formed by the wall surfaces of the
through-hole conductors 54-5 and 54-6 and the wall sur-
face of the through-hole 40-4.

[0070] Fig. 7 is a plan view showing a modification of
the arrangement of the through-hole conductors 54-5
and 54-6 shown in Fig. 6. As shown in Fig. 7, these
through-hole conductors 54-5 and 54-6 may be dis-
posed closer than the arrangement shown in Fig. 6. In
this example, each of the through-hole conductors 54-5
and 54-6 and the through-hole 40-4 are concentrically
disposed such that the distance x between the center of
each through-hole conductor and the wall surface of the
metal layer 30 is a certain value. This structure can sta-
bilize the electrical characteristics and the magnetic
properties of signals input in each through-hole conduc-
tor.

[0071] A method for producing a multilayer substrate
according to the present invention will now be described
with reference to Figs. 8A to 11B. The production of the
multilayer substrate according to the first embodiment
will now be described and repeated descriptions and ref-
erence numerals in the figures will be appropriately
omitted.

[0072] First, as shown in Fig. 8A, two metal layers
30-1 and 30-2 are bonded by pressing, with a bonding
resin layer 32 therebetween. Thus, a metal core layer
including two metal layers is prepared. This step may
be performed by laminating.

[0073] Subsequently, as shown in Fig. 8B, the metal
layers 30-1 and 30-2 are partly etched at the same time
while the bonding resin layer 32 remains at the center.
Thus, the metal layers disposed at positions corre-
sponding to through-holes 40-1 to 40-5 and a spot-faced
portion 42 are removed.

[0074] AsshowninFig.8C, a part of the bonding resin
layer 32 disposed at positions that do not include the
metal layers 30-1 and 30-2 thereon is then removed by
a laser machining. Thus, the through-holes 40-1 to 40-5
and the spot-faced portion 42 are formed.

[0075] Subsequently, as shown in Fig. 9A, an under-
layer composed of an insulating member 36 is formed
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on the rear face of the metal core layer. The insulating
member used as the underlayer is preferably composed
of a resin having a low fluidity.

[0076] As shown in Fig. 9B, an insulative adhesive
24-1 is then applied on the bottoms of the through-holes
40-2 and 40-3. An adhesive 24-2 having a heat dissipa-
tion effect and electrical conductivity is applied on the
bottom of the spot-faced portion 42. Passive compo-
nents 20-1 and 20-2 and an active component 22 are
disposed on the through-holes 40-2 and 40-3 and the
spot-faced portion 42, respectively, with these adhe-
sives therebetween.

[0077] Subsequently, as shown in Fig. 10A, the pe-
riphery and the inside of the metal core layer is sealed
with the insulating member 36 by pressing resin layers
from both sides of the metal core layer. In this step, the
insulating member 36 fills the insides of the through-
holes and the spot-faced portion 42 formed in the metal
core layer. In this step, resin layers having a copper foil
thereon may be used as the resin layers to be pressed.
In such a case, the resin layers are pressed from the
side having the copper foil, thereby sealing the metal
core layer with the insulating member.

[0078] Subsequently, as shown in Fig. 10B, the insu-
lating member 36 is partly removed by a laser machining
to form contacts 53 for connecting vias. When resin lay-
ers having a copper foil are used for sealing the metal
core layer, the copper foil is removed by etching and the
laser machining is then performed. In this step, the in-
sulating layer filled in the through-hole 40-4 is opened
so as to form a through-hole used as a through-hole con-
ductor.

[0079] Subsequently, as shown in Fig. 11A, connect-
ing vias 52 are formed in the contacts for connecting
vias by a semi-additive process using a copper plating.
In addition, wiring layers 34-1 and 34-2 are formed on
the top face and the rear face, respectively. As a result,
conductive patterns 50 formed on the wiring layers 34-1
and 34-2 are connected to the passive components 20-1
and 20-2 and the active component 22, with the con-
necting vias 52 therebetween. A through-hole conductor
54 is also formed in the through-hole 40-4, with the in-
sulating layer therebetween.

[0080] Finally, as shown in Fig. 11B, other wiring lay-
ers 34-3 and 34-4 are formed on the wiring layers 34-1
and 34-2 formed in Fig. 11A, respectively. Passive com-
ponents 20-3 and 20-4 and an active component 22-2
are mounted on the wiring layer 34-3 disposed on the
top face. External terminals 56 are formed on the wiring
layer 34-4 disposed on the rear face. The multilayer sub-
strate is then cut along the vertical lines in the figure to
prepare a circuit module that can be mounted on a moth-
er board.

[0081] Figs. 12A and 12B are cross-sectional views
showing examples using a metal core layer as a GND.
As shown in Fig. 12A, when the metal core layer is used
as the GND, the metal layer 30-1 and the metal layer
30-2 are connected to each other, with the connecting
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vias 52, the conductive patterns 50, and the through-
hole conductor 54 therebetween. This connected area
is provided as a GND layer.

[0082] Alternatively, as shown in Fig. 12B, a conduc-
tor layer serving as a through-hole conductor 54 may be
formed on the side wall of the metal core layer exposed
by etching. The metal layer 30-1 and the metal layer
30-2 may be connected to each other with this through-
hole conductor 54. In the examples shown in Figs. 12A
and 12B, the metal layer 30-1 and the metal layer 30-2
are connected to each other with the through-hole con-
ductor. Alternatively, the metal layer 30-1 and the metal
layer 30-2 may be connected to each other by providing
the bonding resin layer 32 with electrical conductivity.
[0083] According to the present invention, the height
of accommodating portion of the components can be ad-
justed with a simple method. Therefore, the present in-
vention can be applied to a substrate for a highly inte-
grated circuit in which various components are required
to be installed.

Claims

1. A multilayer substrate including components there-
in in which the components are disposed in accom-
modating portion provided in a metal core, and both
top and rear faces of the metal core and the accom-
modating portion are sealed with an insulating layer,

wherein the metal core comprises a plurality
of metal layers.

2. The multilayer substrate including components
therein according to claim 1, wherein the metal lay-
ers are bonded with each other through a resin lay-
er.

3. The multilayer substrate including components
therein according to claim 1, wherein the plurality of
metal layers has the same thickness.

4. A multilayer substrate including components there-
in in which the components are disposed in accom-
modating portion provided in a metal core, both top
and rear faces of the metal core and the accommo-
dating portion are sealed with an insulating layer,
and the components are connected to a conductive
pattern provided on the insulating layer with con-
necting vias provided in the insulating layer,

wherein the metal core comprises a first metal
layer and a second metal layer;

wherein the accommodating portion compris-
es a first accommodating portion formed by remov-
ing the first metal layer and a second accommodat-
ing portion formed by removing the first metal layer
and the second metal layer; and

wherein the components comprise a first
component disposed in the first accommodating
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portion and a second component disposed in the
second accommodating portion.

The multilayer substrate including components
therein according to claim 4, wherein contact faces
for the connecting vias of the first component and
the second component are disposed at the same
level.

A multilayer substrate including components there-
in in which the components are disposed in accom-
modating portion provided in a metal core, both top
and rear faces of the metal core and the accommo-
dating portion are sealed with an insulating layer,
and the components are connected to a conductive
pattern provided on the insulating layer with con-
necting vias provided in the insulating layer,

wherein the metal core comprises a first metal
layer and a second metal layer;

wherein the accommodating portion compris-
es a first accommodating portion formed by remov-
ing the first metal layer and a second accommodat-
ing portion formed by removing the first metal layer
and the second metal layer;

wherein the components comprise a first
component disposed in the first accommodating
portion and a second component disposed in the
second accommodating portion; and

wherein the connecting vias comprise a via for
heat dissipation connected to the second metal lay-
er.

The multilayer substrate including components
therein according to claim 6, wherein the first com-
ponentis an active component and the second com-
ponent is a passive component.

A multilayer substrate including components there-
in in which the components are disposed in accom-
modating portion provided in a metal core, both top
and rear faces of the metal core and the accommo-
dating portion are sealed with an insulating layer,
and the components are connected to a conductive
pattern provided on the insulating layer with con-
necting vias provided in the insulating layer,

wherein the metal core comprises a first metal
layer and a second metal layer bonded with a resin
layer therebetween;

wherein the accommodating portion compris-
es a first accommodating portion formed by remov-
ing the first metal layer and the resin layer and a
second accommodating portion formed by remov-
ing the first metal layer, the second metal layer, and
the resin layer; and

wherein the components comprise a first
component disposed in the first accommodating
portion and a second component disposed in the
second accommodating portion.
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9.

10.

1.

12.

A multilayer substrate including components there-
in in which the components are disposed in accom-
modating portion provided in a metal core, both top
and rear faces of the metal core and the accommo-
dating portion are sealed with an insulating layer,
and the components are connected to a conductive
pattern provided on the insulating layer with con-
necting vias provided in the insulating layer,

wherein the metal core comprises a first metal
layer and a second metal layer bonded with a resin
layer therebetween;

wherein the accommodating portion compris-
es a first accommodating portion formed by remov-
ing the first metal layer and a second accommodat-
ing portion formed by removing the first metal layer,
the second metal layer, and the resin layer; and

wherein the components comprise a first
component disposed in the first accommodating
portion and a second component disposed in the
second accommodating portion.

A multilayer substrate including components there-
in in which the components are disposed in accom-
modating portion provided in a metal core and both
top and rear faces of the metal core and the accom-
modating portion are sealed with an insulating layer,

wherein the metal core comprises a first metal
layer and a second metal layer bonded with a resin
layer therebetween; and

wherein a through-hole conductor piercing
the metal core is provided in an area formed by re-
moving the resin layer, the first metal layer, and the
second metal layer.

A multilayer substrate including components there-
in in which the components are disposed in accom-
modating portion provided in a metal core and both
top and rear faces of the metal core and the accom-
modating portion are sealed with an insulating layer,

wherein the metal core comprises a first metal
layer and a second metal layer bonded with a resin
layer therebetween; and

wherein a through-hole conductor piercing
the metal core is provided in an area formed by re-
moving the resin layer, the first metal layer, and the
second metal layer, with the insulating layer there-
between.

A multilayer substrate including components there-
in in which the components are disposed in accom-
modating portion provided in a metal core and both
top and rear faces of the metal core and the accom-
modating portion are sealed with an insulating layer,

wherein the metal core comprises a first metal
layer and a second metal layer bonded with a resin
layer therebetween; and

wherein a plurality of through-hole conductors
piercing the metal core is provided in a single area



13.

14.

15.

16.

17.

18.

17 EP 1 592 061 A2 18

formed by removing the resin layer, the first metal
layer, and the second metal layer, with the insulating
layer therebetween.

The multilayer substrate including components
therein according to claim 12, wherein the center
distance between the adjacent through-hole con-
ductors is less than three times of the thickness of
one of the metal layers.

A multilayer substrate including a component there-
in in which the component is disposed in a accom-
modating portion provided in a metal core and both
top and rear faces of the metal core and the accom-
modating portion are sealed with an insulating layer,

wherein the metal core comprises a first metal
layer and a second metal layer bonded with a resin
layer therebetween;

wherein the accommodating portion is formed
by removing the resin layer, the first metal layer, and
the second metal layer; and

wherein a through-hole conductor piercing
the metal core is provided in the accommodating
portion including the component, with the insulating
layer therebetween.

A multilayer substrate including components there-
in in which the components are disposed in accom-
modating portion provided in a metal core and both
top and rear faces of the metal core and the accom-
modating portion are sealed with an insulating layer,

wherein the metal core comprises a first metal
layer and a second metal layer bonded with a resin
layer therebetween and at least a part of each metal
layer is shared as a ground layer.

The multilayer substrate including components
therein according to claim 15, wherein a through-
hole conductor piercing the metal core is provided
in an area formed by removing the resin layer, the
first metal layer, and the second metal layer; and
wherein the first metal layer and the second metal
layer are connected to each other with the through-
hole conductor at the area being shared as the
ground layer.

The multilayer substrate including components
therein according to claim 15, wherein a through-
hole conductor piercing the metal core is provided
in an area formed by removing the resin layer, the
first metal layer, and the second metal layer, with
the insulating layer therebetween; and wherein the
first metal layer and the second metal layer are con-
nected to each other with the through-hole conduc-
tor at the area being shared as the ground layer.

The multilayer substrate including components
therein according to claim 15, wherein the resin lay-

10

15

20

25

30

35

40

45

50

55

10

er used for bonding the first metal layer to the sec-
ond metal layer has electrical conductivity at the ar-
ea being shared as the ground layer.
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